Background: Health problems in shift workers vary including obesity acting as a risk factor in cerebrovascular diseases. Recent studies have commonly determined the prevalence of obesity in shift workers on the basis of body mass index. The accuracy of BMI for diagnosing obesity are still limited apparently. Consequently, this study aimed to determine the relationship between shift work and obesity according to the total body fat percentage in Korean wage workers. Methods: From the Fourth and the Fifth Korea National Health and Nutrition Examination Survey (2008)(2009)(2010)(2011), after military personnel were excluded, a total of 2952 wage workers (20 ≤ age ≤ 65) whose current jobs were their longest jobs were selected as subjects of the study. The total body fat percentage was used to determine the obesity standards (≥25.7 % in males and ≥36.0 % in females). The subjects were divided into groups by gender and work type (manual vs non-manual), and chi-squared test was used to evaluate the relationship between socio-economic, health behavior, and work-related factors, on the one hand, and obesity, on the other. In addition, multivariate logistic regression analysis was performed to examine the effects of shift work on obesity. Results: When other factors were controlled for, the risk of obesity in shift work showed a statistically significant increase (odds ratio = 1.779, 95 % confidence interval = 1.050-3.015) in the male manual worker group. However, there were no significant results in the male non-manual and female worker groups. Conclusion: Shift work was related to a higher risk of obesity in the Korean male manual worker group.
Background
The organization of working time in modern society has diversified with the increasing number of people working in the service sector, the extension of retail hours, and competition and globalization of markets [1] . This diversity includes the form of shift work, a work schedule including irregular or unusual hours of working time. Shift work is reported in > 15 % of the workforce in the EU [1] and U.S. [2] . In the Republic of Korea, the number of working night staff reported in 2011 ranged from 127,000 to 197,000, which constituted 10.2-14.5 % of all wage workers [3] .
Health problems that arise in shift workers include obesity, gastrointestinal disorders, cancer, cardiovascular disease, psychological disorders (e.g., depression, insomnia), and work accidents, and shift workers are also affected by the disruption of the circadian system [4] [5] [6] .
Obesity acts as a risk factor in cerebrovascular diseases such as type 2 diabetes mellitus (DM), cardiovascular disease, hypertension, and cerebral infarction [6] . It is also associated with problems of absenteeism (measured as work loss days), sick leave, disability, injuries, chronic psychological complaints, and emotional exhaustion [7] [8] [9] .
Recent studies have shown that overweight and obesity are more prevalent in shift workers than day workers. These studies have typically determined the prevalence of obesity in shift workers and day workers on the basis of body mass index (BMI) [10] [11] [12] [13] . BMI is the most common method to measure obesity because of its simplicity and low cost. Although a high correlation between BMI and total body fat percentage (TBF%) exists, limitations are still apparent in the accuracy of BMI for diagnosing obesity, particularly for individuals in the intermediate BMI [14] . Furthermore, obesity measured by BMI does not accurately match the degree of adiposity [15] [16] [17] . On the other hand, direct assessment of adiposity by TBF% may be a better index of obesity because it correlates better with metabolic and cardiovascular risk factors [15] .
Until recently, few studies in Korea have measured obesity using TBF% [18, 19] , and no studies have determined the association between shift work and obesity on this basis.
In this study, we aim to measure TBF% using the data of the Korea National Health and Nutrition Examination Survey (KNHANES) and evaluate the risk of obesity in Korean wage workers associated with shift work. Data from the year 2008 to the year 2011 have been selected specifically because it is the period when dualenergy X-ray absorptiometry scans were conducted. KNHANES IV and V adopted the rolling sampling survey method in order for three independent rolling samples in each year of the fourth and fifth surveys to be able to represent the nationwide probability sample. Although the sampling frames of the fourth and fifth surveys were different, both have selected their samples using a third level stratified multi-stage clustered probability design. During the process of consolidating the data from the fourth and fifth surveys, when the survey questions were different, they have been integrated.
Methods

Subjects
The total number of subjects of KNHANES from 2008 to 2011 was 31,942. We first included subjects aged above 20 and less than 65 years old. We next included from among them 3,226 wage workers whose current jobs were their longest. Among those, we excluded 264 subjects who were military personnel, pregnant women, reported less than 3 h of sleep per day, or worked less than 10 h per week. Consequently, a total of 2,952 subjects were analyzed.
Cut-off values (defined as obesity) and body composition analyses
The TBF% was used to set the cut-off value of obesity. Because the cut-off values differ by race-ethnicity [20] , cut-off values of Koreans based upon the KNHANES conducted in 2009-2011 were used. These have been determined in a study investigating the optimal cut-offs of the body fat (BF) percentage that may reflect risk factors for cardiovascular disease in Korean adults, with the cut-off values (defined as obesity) set as ≥25.7 % in men and ≥36.0 % in women [19] . The percentage of TBF (total fat mass/total mass × 100) were measured using dual-energy X-ray absorptiometry (DXA; QDR 4500A, Hologic Inc., Waltham, MA, USA) equipment located in the mobile examination centers.
Classification of data
Independent variables were categorized into socioeconomic, health behavior, and work-related factors. Socio-economic factors included age (20-29, 30-39, 40-49, 50-59, 60-65) , education level (≤middle school, high school, ≥college), income (first, second quartile, third, and fourth quartiles), marital status (single, married), and menopausal status (postmenopausal, premenopausal). Health behavior factors included alcohol intake (none or social, moderate or heavy), smoking (never smoker, ex-smoker, current smoker), energy intake (<2,000, 2000-2499, ≥2500 kcal), physical activity (light, moderate, vigorous), hours of sleep per day(<7, ≥7), and perceived stress (less, more). Work-related factors included work hours per week (<40, 40-48, 49-60, >60), stability of work (temporary worker, permanent worker), type of job (non-manual, manual), and work schedule (shift work, day work). Energy intake was calculated by a self-administered questionnaire based on the reflection of the past 24 h. The average unit of alcohol consumption was defined as 7 drinks or more for males (5 drinks for females) and subjects were classified as moderate or heavy group, if the respondent consumed more than 2 units per week. Physical activity was measured using the International Physical Activity Questionnaire (IPAQ) [21] . To assess the level of perceived stress in everyday life, subjects were classified into a 'feel less' group or 'feel more' group by a questionnaire. Jobs were classified by type into manual workers (service and sales workers, agricultural and fishery workers, craft and related trades workers, plant and machine operators and assemblers, and elementary occupations) and non-manual workers (general managers, professionals, paraprofessionals, and office workers). A work schedule between 6:00 and 18:00 was classified as day work, and shift work included a night shift (between 21:00 and 8:00 the next morning), day and night shifts, 24-h work shifts, and irregular shift work. According to the Labor Standards Act (Article 55), night work is defined as working between 10:00 pm and 06:00 am, but in questionnaires of KNHANES, night work was classified as working between 21:00 pm and 8:00 the next morning. So, night shift was classified arbitrarily according to questionnaires of KNHANES.
Statistical analyses
Because KNHANES is based on a complex survey design, weights, stratified variables, and cluster variables were used for analysis to eliminate any biases. To analyse the combining data of the 4th and 5th KNHANES which are rolling sample survey data, we used the combined weights which was proportional to the size of Primary Sampling Unit.
The general characteristics of the subjects were analyzed by a complex samples chi-squared test for each gender and after classifying non-manual and manual types, a complex samples chi-squared test was again conducted to confirm the association between obesity and independent variables in both genders. Additionally, to determine the risk of obesity resulting from shift work, socio-economic factors, health behaviors, and work-related factors were controlled through complex samples logistic regression. We used SPSS version 18.0 (Chicago, IL, USA) for statistical analysis, and the statistical significance was set at p < 0.05.
Ethics statement
We used data from KNHANES IV and V (KNHANES 
Results
The general characteristics of subjects with unweighted counts and estimate percentages are shown in Table 1 . Among a total of 2952 subjects, there were 1,715 male subjects (66.8 %) and 1,237 female subjects (33.2 %). The percentage of long hours of work exceeding 60 h was higher in male subjects, that is, 11.2 % in the males and 6.4 % in the females. The percentage of temporary workers was 12.0 % and 18.7 % among males and females, respectively, and the percentage of manual workers was 46.8 % and 40.9 %, respectively. The percentage of those performing shift work was 17.7 % and 8.1 % for males and females, respectively, with a higher percentage in the male subjects. The percentage of obesity among the males and females (cut-offs: males: ≥25.7 %, females: ≥36.0) calculated using the total body fat percentage was 26.5 % and 24.2 %, respectively (Table 1) .
Among the male non-manual worker group, the percentage of obesity showed a significant difference depending on physical activity (p = 0.044). Among the male manual worker group, the percentage of obesity showed a significant difference depending on income level (p = 0.027), stress (p = 0.044) and work schedule (p = 0.038) ( Table 2) .
Among the female non-manual worker group, smoking was associated with a significant difference in the prevalence of obesity (p = 0.041). Among the female manual workers, menopausal status contributed to significant differences in the prevalence of obesity (p = 0.002) ( Table 3) . Table 4 shows the results of the complex samples logistic regression in the male and female subjects. Univariate logistic regression analysis for the male manual worker group showed that the risk of obesity significantly increased with shift work (OR = 1.674, 95 % confidence interval (CI): 1.026-2.733). In multivariable logistic regression analysis controlled for age, education, income, marital status, alcohol intake, smoking, energy intake, physical activity, sleep time, stress, work hours, and stability of work, a higher risk of obesity was significantly associated with shift work (OR = 1.779, 95 % CI: 1.05-3.015). For the female non-manual and manual worker groups, both univariate and multiple logistic regression analyses showed no statistically significant association between shift work and obesity (Table 4) . 
Discussion
This study confirmed that obesity measured by total body fat percentage (TBF %) using DXA was associated with shift work among Korean male manual workers. However, there were no association between shift work and obesity according to TBF % in the male non-manual and female manual/non-manual worker groups. Significantly different between obese and non-obese subjects in non-manual workers (p < 0.05). Significantly different between obese and non-obese subjects in manual workers (p < 0.05) Significantly different between obese and non-obese subjects in non-manual workers (p < 0.05). Significantly different between obese and non-obese subjects in manual workers (p < 0.05) Previous studies that have determined the risk of obesity according to shift work in male manual workers have shown a high prevalence rate of obesity in the shift workers group. In an Italian study of chemical production workers, obesity was more prevalent in shift workers than in day workers [22] . Additionally, similar studies have described an association between shift work and BMI or BMI increase for male manual workers [23, 24] . Upon a year of tracking the BMI of male manual workers in Korea, the three-shift manual workers showed a significant increase in BMI compared to the day workers regardless of working time [23] . In a 14-year cohort study of male workers in a Japanese steel company, alternating shift work had a significant relationship to BMI increase as well [24] . After adjusting the abovementioned covariates in this study, the TBF% of shift workers among male manual workers was significantly higher than that of day workers (p = 0.008), as the shift workers' TBF% was 22.68 % and the day workers' was 21.11 %, similar to results of previous studies. However, some studies have shown no relationship between shift work and obesity or BMI in male manual workers [25, 26] .
Circadian rhythms are endogenously controlled changes in physiology and behavior that enable organisms to regulate their biology in anticipation of predictable daily changes in the environment [27] . Disruption in these rhythms is instrumental in weight gain in shift workers due to the phase shift in the oscillation of the circadian and activity-controlled physiological processes [4] . Circadian disruption may be caused by factors related to inputs, oscillators, and outputs. Inputs includes weak Zeitgebers (caused by continuous light or frequent snacking, for example), conflicting Zeitgebers (resulting from light at night, nocturnal eating, and nocturnal physical activity), and Zeitgeber shifts (daylight-savings time, crossing time zones, shift work). These inputs induce the uncoupling of oscillators and cause the output results of nocturnal melatonin suppression [4] . Supression of melatonin, as during shift work, induces insulin resistance, glucose intolerance, and sleep disturbance leading to obesity [28] . When work schedules disrupt the natural sleep-wake cycle, humans are exposed to light periods when the sun is down, which promote irregular food intake pattern and modifies shift workers' social and family routines [29] . Irregular food intake pattern such as eating a night time snack affected the thermogenic response that could favor weight gain. Therefore, the time when have a meal may affect the thermogenic response [30] . Recent research has shown evidence for a relationship between altered eating habits, wake-sleep pattern, lifestyle, and obesity; this may explain the increase in obesity among shift workers [31] .
Circadian disruption induced by shift work brings loss of cortisol rhythmicity [4] . The hypothalamus controls the secretion of adrenocorticotropic hormone (ACTH) from the anterior pituitary, and ACTH stimulates mainly the secretion of cortisol from the adrenal cortex of glucocorticoid hormones. [32] . Corticotropin-releasing hormone (CRH) plays a principal role in stimulus to the hypo-thalamic-pituitary-adrenal(HPA) axis and a major role as one of the central activators of the integrated stress response [33, 34] . Cortisol is secreted in a circadian rhythm and loss of cortisol rhythmicity could resulting in hyperactivity of the HPA axis, leading to long term elevated cortisol levels [35] . And high levels of cortisol induces obesity [36] .
Forced physical exercise often produces negative physiological adaptations to stress responses and can induce the release of CRH. In an animal study, forced wheel running strongly activated CRH neurons compared with spontaneous wheel running, although the amount of exercise was equal [34] . In other studies, plasma ACTH and CRH was increased greater in high intensity exercise than in other group [37] , and secretion of ACTH and CRH was related to prolonged physical activity [38] . Prior studies have described an association between long work hours and weight gain in male manual worker [39] [40] [41] . Weight gain may be induced by long working through reduced sleep duration, decreased physical activity, and undesirable behaviors [42, 43] . In Korean male manual workers, work hours over 60 h per week increased the risk of obesity [41] .
In this study, obesity was associated with shift work among male manual workers, but not in male nonmanual workers. Since working over 60 h a week and working condition such as manual work may be acted as a high-intensity physical activity which could cause a physical stress sufficient to increase CRH and ACTH secretion, we presume that association between shift work and obesity was increased in the group.
For female workers, previous studies have reported a significant association between obesity and shift work in manual workers [10, 12] and non-manual workers [13] . In this study, the association between shift work and obesity in female workers has not been consistent in previous studies. There are differences between male and females in regulation of energy metabolism, menstruation, and sex hormones [37, 38] , and body fat and weight increases significantly after menopausal in women [44, 45] . In this study, there was a positive relation between obesity and education in male subjects, but a negative relation between the prevalence of obesity in female subjects. The differences of biological gender and socioeconomic factor could account for the gender differences.
There were no association between shift work and obesity in non-manual female workers. Moreover, odds ratios were much lower than 1 although it was not statistically significant. It has shown opposite results compared to previous studies. In this study, among the female non-manual workers, the shift work group had long working hours, although the results did not presented. There were few studies about association between obesity and long working in female non-manual workers, but some studies reported that association between obesity and work hours was not significant in female workers without classifying job type [39, 46] . Chronic work stress may induce suppressed appetite and increased physical activity which lead to weight loss [47] , and poor psychosocial working condition may be associated to weight loss [48] . The underlying reasons for the difference in result are not clear. Shift work involved long working may be viewed as a chronic work stress that was sufficient to induce weight loss in female nonmanual workers, although we did not evaluate work stress or psychosocial working condition. In addition, prior studies have investigated a single job class; however, they have not been designed to evaluate the general characteristics of national female manual and nonmanual workers.
Because this is a cross-sectional study based on survey data, there may be bias according to the subject's memory of the past. Furthermore, although we have selected our subjects to include workers whose current jobs are their longest jobs to identify a stronger relationship with work schedule, the present study could not determine working period for studying the effect of shift work. Data of the energy intake was only evaluated by a questionnaire based on reflection self report of the past 24 h. Despite these limitations, this study is meaningful because the data was based on survey representing the Korean general population and this study identified association between shift work and obesity measured by TBF% according to gender and job type (manual vs. non-manual work). In addition, not only were age, socio-economic factors, health behavior, and work-related factors adjusted for, but also adiposity was directly calculated by using total body fat percentage, setting the standard for defining obesity and thereby the evaluation of the association between shift work and obesity. Shift work was related to a higher risk of obesity according to body fat percentage in the Korean male manual worker group. The male manual workers engaging in shift work should be considered as a high risk group for obesity, and workplace weight management program should be focused on the group. Further studies should need to consider subjects' dietary habits such as usual volume of consumption, eating pattern, and, nutrition quality, and working period, level of occupational physical stress, and job stress.
Conclusion
In this study based on survey representing the Korean general population, we confirmed that obesity measured by total body fat percentage (TBF %) using DXA was associated with shift work among Korean male manual workers. However, there were no association between shift work and obesity in the male non-manual, female manual and non-manual worker groups. Consequently, the male manual workers engaging in shift work should be considered as a high risk group forobesity.
